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Neal E. Armstrong*

Anticipating Transboundary Water
Needs and Issues in the MexicoUnited States Border Region in the
Rio Grande Basin

I. INTRODUCTION

Water has played a key role in the development of every society but
perhaps no more so than in water scarce areas like the Rio Grande Basin.
The municipal, industrial, and agricultural developments there are heavily
dependent on the available surface and groundwater resources, so much
so that all surface waters are totally appropriated and ground waters are
being mined. Competition for water has impacted international relations,
as the United States and Mexico, both needing water for municipalities
and especially agriculture, have divided the waters of the basin between
them in treaties ratified thirty-five and seventy-one years ago. To continue
meeting these needs, future water demands have to be forecasted and the
issues that develop over competing demands must be addressed.
The purpose of this paper is to describe the present surface and ground
water available in the portion of the Rio Grande forming the border
between Texas and Mexico, to forecast water needs in the basin, and to
identify water-related issues in the transboundary area.
II. WATER RESOURCES OF RIO GRANDE BORDER
REGION
A. Drainage Basin
1. DrainageArea
The Rio Grande rises in the San Juan Mountains of southwestern
Colorado, flows southerly across New Mexico, and enters Texas 20 miles
*Director, Center for Research in Water Resources, The University of Texas at Austin.
1. In accomplishing this objective, the author has borrowed heavily from several reports cited
in the text, and errors of quotation or interpretation are his. The author is indebted to Professor
Albert E. Utton of the University of New Mexico School of Law for his encouragement, and to
Brenda Nelson and Nickla Tayarani for assistance in preparing and typing the text.
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(32.2 km) northwest of El Paso. Thereafter, the river flows south and
east for 1250 miles (2012 km) forming the boundary between the United
States and Mexico,
and enters the Gulf of Mexico 23 miles (37 km) east
2
Brownsville.
of
The Rio Grande Basin encompasses an area of about 335,000 square
miles (867,600 km 2), 135,900 square miles (352,000 km 2) of which are
in the United States and 199,100 square miles (515,700 km2) in Mexico
(see Figure 1). Included within this area are large closed basins with
internal drainage 3 such that the contributing area to the Rio Grande at its
mouth totals 176,333 square miles (456,700 km2 ), of which 88,968 square
miles (230,400 km2) are in the United States and 87,365 square miles
(226,300 km 2) are in Mexico. 4 The drainage area within Texas totals
48,259 square miles (124,990 km 2), of which 8,214 square miles (21,274
km 2) is noncontributing. 5 The drainage area to the Rio Grande upstream
from the New Mexico-Texas line is about 29,000 square miles (75,100
km 2).
The Rio Grande Basin in Texas is bounded by the Colorado and Nueces
River, and Nueces-Rio Grande coastal basins. The basin has two large
tributaries in Texas and New Mexico-the Pecos and Devils Riversand three important tributaries enter from Mexico-the Rio Conchos, Rio
Salado, and Rio San Juan. The Texas portion of the basin is quite broad
upstream from the Devils River. In the broad portion, there is a large
closed basin including portions of Hudspeth, Culberson, Jeff Davis, and
Presidio Counties. Downstream from the Devils River it tapers down to
a narrow area bordering the river. The lower part of this narrow area is
contiguous to the portion of the Nueces-Rio Grande Coastal Basin, comValley, but it is not physiographically in
monly called the Rio Grande
6
the Rio Grande Basin.
2. Geology
From the headwaters of the Rio Grande in southern Colorado to the
vicinity of El Paso, Texas, the main stem drainage basin is associated
with a rift-zone valley, or crustal break, and flanking mountain ranges.
The rift zone consists of a chain of grabens or structural basins in which
enormous thicknesses of alluvial valley fill and local lava flows have
accumulated. From El Paso downstream to the vicinity of Big Bend
2. H. MENDIETA, RECONNAISSANCE OF THE CHEMICAL QUALITY OF SURFACE
WATERS OF THE RIO GRANDE BASIN, TEXAS (1974); Texas Water Development Board Report
No. 170 (March 1974); and TEXAS WATER DEVELOPMENT BOARD, PROPOSED WATER
RESOURCES DEVELOPMENT IN THE RIO GRANDE BASIN (1966) (hereinafter TWDB).
3. MENDIETA, supra note 2.
4. U.S. DEPARTMENT OF STATE, INTERNATIONAL BOUNDARY AND WATER COMMISSION, Flow of the Rio Grande and Related Data (Water Bull. No. 48, 1978) (hereinafter IBWC).
5. TWDB, supra note 2.
6. Id.
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National Park, the basin is in a region of fault-block mountain ranges
and intervening intermontane basins. On the valley slopes and in the
valley proper, considerable thicknesses of alluvial outwash and valley fill
have accumulated. From Big Bend National Park to the Lower Rio Grande
Valley, the basin crosses essentially flat-lying consolidated sedimentary
rocks predominantly of limestone, shale, and sandstone. In the Lower
Rio Grande Valley, alluvium underlies the basin and makes up terraces
and the river's delta. Limestone, sandstone, shale, gypsum, and salt
underlie the Pecos River Basin. Locally, as in the Roswell-Artesia area
and near the New Mexico-Texas state line, there are notable accumulations of alluvial and eolian valley fill. 7
3. Topography
The Rio Grande Basin is surrounded on the west, north, and east sides
by mountain ranges having peaks extending above 14,000 feet (4270 m)
in elevation. The San Luis Valley is open to the south and has an average
elevation of about 7,700 feet (2350 m). The northern part of the region
lies within a closed basin with no surface drainage outlet. The Rio Grande,
as it flows out of Colorado, becomes entrenched in a gorge that dissects
a plain bordered on the east by the Sangre de Cristo Mountains and on
the west by the San Juan and Jemez mountains. Throughout its course
in New Mexico, the Rio Grande is a complex river, flowing in an inner
valley from one basin to another at a slope of about 4.2 ft/mile (0.8 m/
km). The river has cut a valley considerably below the original upland
surface. The inner valley, or flood plain, has a nearly flat floor in all
basin areas and varies in width from I to 6 miles (1.6 to 9.6 km). The
flood plains contain most of the irrigable land. 8 The Rio Grande enters
Texas at El Paso and becomes deeply entrenched below El Paso, traversing
an area of canyon lands incised in rolling plains. Below Falcon Dam the
Rio Grande flows 225 miles (362 km) to the Gulf of Mexico at a slope
of 0.48 ft/mile (0.092 m/km). This section of the Rio Grande is quite
flat with many drainage and flood problems. 9 The profile of topography
along the river channel is shown in Figure 2.
The Pecos River rises in the Sangre de Cristo Mountains near Santa
Fe, New Mexico. The western boundary is formed by a north-south
extension of the Rocky Mountains. The eastern boundary trails off through
rolling hills and the high plains area without marked relief. Between the
Pecos and the Rio Grande are the Tularosa and Estancia closed basins.' 0
7. U.S. WATER RESOURCES COUNCIL, THE NATION'S WATER RESOURCES 19752000, Vol. 4: RIO GRANDE REGION (1978).
8. Id.
9. Id.
10. Id.

ANTICIPATING TRANSBOUNDARY WATER NEEDS

October 1982]

1000

0.0008 m/m

0
-o

500

0.00009 in/r

/

rnn

U

>

ca0
a

0

C-4

0 ,-4

C
V4

o(n
"

W

4•

0

0

I

M
.

C4
0-4

0

C

C
I

I

1000

I

2000

Distance Upstream (km)

3000

FIGURE 2
PROFILE OF RIO GRANDE FROM ELEPHANT BUTTE DAM TO GULF
OF MEXICO

B. Climate
A semiarid to arid climate with low humidity and erratic rainfall are
characteristic of the region. Average annual precipitation ranges from 30
inches (762 mm) in the high mountains and lower Rio Grande coastal
plain to only 8 inches (203 mm) in the middle valley area where most
of the precipitation occurs as intense thunderstorms. Winters are severe
in Colorado and in the high mountains of New Mexico, but generally
mild throughout the lower areas. Summer days are warm with cool nights.
Growing seasons vary from a few days per year in the high mountains
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to almost year-round in the lower Rio Grande. Blizzard conditions are
often experienced in the northern part of the region, but snow seldom
falls in the lower portion. Intense thunderstorms with occasional hail are
experienced throughout the region, but tornado-type storms are relatively
rare. The lower Rio Grande experiences hurricanes coming inland from
the Gulf of Mexico. The aftermath of hurricane storms are intense rainstorms that cause flooding in the lower valley."
C. Rainfall, Evaporation, and Transpiration
1.Rainfall
During the period 1931-1960, Texas received an average of about 413
million acre-feet (509 km 3) of precipitation annually-principally in the
form of rain. If this were evenly distributed over the State's land area,
it would amount to an average annual precipitation of approximately 28
inches (711 mm). In reality, however, average annual precipitation ranges
from about 55 inches (1400 mm) at the eastern edge of the State to less
than 8 inches (203 mm) at El Paso (see Figure 3). There is an average
increase from west to east 2of about one inch (25 mm) of precipitation
every 15.5 miles (25 km).'
Annual precipitation distribution in the Rio Grande Basin is shown in
Figure 3 and ranges from 38 inches (203 mm) in El Paso to 30 inches
(762 mm) in Brownsville.'
2. Evaporation
Lake surface evaporation is influenced by such factors as air and water
temperature and wind movement, and generally increases across the State
from east to west. While rainfall offsets evaporation to a large extent in
East Texas, the western part of the State has high rates of evaporation,
with only a low rainfall to help in reducing its effect. As shown in Figure
3, for the period 1940-1965 the average annual net lake surface evaporation rate was between 0 and 20 inches (0 and 508 mm) along the
eastern edge of the State, and more than 80 inches (2032 mm) in the Big
Bend area of West Texas. 14
Evaporation rates in the Rio Grande Basin are among the highest in
Texas, ranging from the 100 inches per year (2540 mm per year) in Big
Bend to 60 inches per year (1524 mm per year) in Brownsville (see Figure
3).
II. Id.
12. TEXAS WATER DEVELOPMENT BOARD, THE TEXAS WATER PLAN (1968) (hereinafter PLAN).
13. IBWC, supra note 4.
14. PLAN, supra note 12.
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FIGURE 3
MEAN ANNUAL RAINFALL AND EVAPORATION IN TEXAS AND THE
RIO GRANDE DRAINAGE BASIN
(TWDB 1968 and IBWC 1978)
3. Transpiration
Several species of plants transpire large volumes of water, and some
of these plants have little economic value. Woody plants whose roots
penetrate the saturated zones of groundwater aquifers and stream channel
deposits are termed phreatophytes, and include saltcedar, cottonwood,
and willow. Saltcedar, which now grows extensively in 15 of the 17
western states, presents the most severe problem. Texas presently has the
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unfortunate distinction5 of having the largest area of saltcedar infestation
1
of the western states.
Saltcedar is an aggressive plant which has not only invaded but entirely
replaced the native vegetation in many areas. It commonly occurs in
floodplains of streams, along the shoreline and in the deltas of lakes and
reservoirs, and in and adjacent to unlined16 ditches and irrigation canals
where its roots can reach the water table.
Saltcedar has created a serious channel-choking problem along the Rio
Grande above the Pecos River and also along the Pecos River. Several
of the tributaries of these streams are also involved. A 1964 survey made
by the U.S. Soil Conservation Service showed 61,400 acres (24,850 ha)
of saltcedar infestation along the Rio Grande above the Pecos River.
These phreatophytes caused a waste of more than 200,000 acre-feet (0.25
km3) of water per year or 3.26 acre-feet of water per acre (0.99 m3 per
m2 ) of saltcedar. The same survey showed an infestation of 201,300 acres
(81,470 ha) along the Pecos River with an attendant water wastage of
more than 600,000 acre-feet (0.74 km3 ) annually or 3.0 acre-feet of water
per acre (0.91 m3 per M2 ) of saltcedar.17 A 1967 update of this survey
revealed that 105,200 acres (42,570 ha) of this phreatophyte were in the
Rio Grande Basin above the Pecos River while 176,400 acres (71,390
ha) were covered in the Pecos River Basin."8 At the above transpiration
rates, the phreatophytes would account for 343,000 acre-feet (0.42 km 3 )
and 529,000 acre-feet (0.65 km 3), respectively, of water lost each year
in these river basins.
D. Surface Water
1. Distributionin Texas
The average annual runoff from the State (1924-1956 average) is about
39 million acre-feet (48 km3), about three-fourths of which originates in
the eastern one-fourth of the State. Average annual runoff decreases from
about 1,100 acre-feet per square mile (5240 ml per ha) at the eastern
boundary of the State to practically zero in large areas of extreme West
Texas. Runoff varies sharply not only spatially but also temporally. During
the wet period 1940-1946, the average annual runoff was about 59 million
acre-feet (73 km 3), whereas during the dry period 1950-1956, the average
was about 24 million acre-feet (30 km 3). About 10% of the total runoff
from Texas comes from the coastal areas, where possibilities for capture
15.
16.
17.
18.

Id.
Id.
TWDB, supra note 2.
PLAN, supra note 12.
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and use of the water are limited because reservoir sites are unavailable.
However, this runoff does contribute essential freshwater inflows to coastal
bays and estuaries in many areas. 19
2. Distribution in Rio Grande Basin
Streamflows generally derive from mountain snowmelt in the northern
portion of the region and from thunderstorms in the central and southern
parts of the region. Hurricane rainstorms are a characteristic of the lower
Rio Grande. Thunderstorm runoff carries large sediment loads into the
Rio Grande and tributary streams, which create unstable stream channels
in wide alluvial valleys. 2 °
Streamflows had been diverted for irrigation and domestic use before
European settlement and these diversions were significant before systematic streamflow measurements were initiated. Thus, natural flow measurements have never been recorded for the Rio Grande. Streamflow
analysis in the Rio Grande Basin requires an expertise that includes special
knowledge of the extensive use of water for irrigation in the U.S. and
Mexico, the less than precise field measurements, and the extensive surface storage capacity in the U.S. and Mexico.21
The present average annual outflow of the Rio Grande at the New
Mexico-Colorado state line is estimated to be 300,000 acre-feet per year
(0.37 km 3 per year). The total available streamflow is estimated to be
951,000 acre-feet per year (1.17 km 3 per year). These figures are clouded
by the estimated diversions to irrigated lands from which return flows
enter a closed basin where they are dissipated by evaporation and transpiration. The present estimated average annual flow of the Rio Grande
at El Paso, Texas is 385,000 acre-feet per year (0.475 km 3 per year). The
total available streamfiow is estimated to be 2,139,000 acre-feet per year
(2.64 km 3 per year); however, this does not represent total natural flow
since stream evaporation, uses by phreatophytes and other incidental
losses are not estimated.22
The present estimated average outflow of the Rio Grande at Del Rio
is 652,000 acre-feet per year (0.80 km 3 per year) which includes the flow
of the Rio Conchos tributary from Mexico. The total available flow in
the United States is estimated to be 3,319,000 acre-feet per year (4.09
km3 per year). The depletions in Mexico are not accounted for in the
computation of the total flow. The present estimated average annual outflow from the region, represented by the records from the gauging station
at Brownsville, is 1,380,000 acre-feet per year (1.7 km 3 per year). The
19.
20.
21.
22.

Id.
U.S. WATER RESOURCES COUNCIL, supra note 7.
Id.
Id.
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TABLE 1
HISTORICAL FLOWS AT SELECTED STATIONS
IN RIO GRANDE BASIN

River
Rio Grande

Location
El Paso

Rio Grande Langtry

Rio Grande Laredo

Pecos
Pecos

Girvin
Comstock

Pecos
Devil's

Shuma
Del Rio

Period
1890-1963
1890-1915*
1916-1963
1951-1963
1901-1919
1901-1913
1951-1963
1901-1913
1925-1963
1951-1963
1940-1963
1901-1963
1940-1963
1955-1963
1901-1913
1925-1963

Drainage
Area
(mi2)

Average
Flow
(acre-ftlyr)

Maximum
Flow
(acre-ft)

29,267

623,500
841,500
505,300
252,300
1,657,000
1,657,000
953,100
3,124,000
3,124,000
2,167,000
93,390
375,200
340,000

84,795

135,976

29,560
35,293
35,162
4,185

409,600
409,600

Minimum
Flow
(acre-ft)

Yield
(acre-ft/
mi2 yr)

2,397,220
2,397,220
1,514,000
395,650
6,298,000
6,298,000
2,391,000
7,045,000
7,045,000
4,386,000

24,527
24,527
59,040
59,040
336,400
336,400
336,400
965,900
965,900
965,900

21.3
28.8
17.3
8.6
19.5
19.5
11.2
23.0
23.0
15.9
3.2
10.6
9.6

2,109,000

104,300
97.9
97.9

Source: Texas Water Development Board, Proposed Water Development in the Rio Grande Basin
(1966).
*Elephant Butte Reservoir was completed in 1915.

estimated total streamflow is 5,400,000 acre-feet per year (6.66 km 3 per
year). The International Boundary Commission shows the average recorded outflow to be 694,000 acre-feet per year (0.856 km3 per year) for
the period 1954-1973, subsequent to Falcon Dam operation. 3
Records of streamflow prepared by the Texas Water Development Board
(1966) are given in Table 1. Examination of flow records at the El Paso
station shows the moderating effect of the Elephant Butte Dam completion
in 1915. Average flows decreased by over 300,000 acre-feet per year
(0.37 km 3 per year), maximum flows decreased by about 1,000,000 acrefeet per year (1.2 km 3 per year), but minimum flows increased by 25,000
acre-feet per year (0.031 km3 per year). Recent flow records at the El
Paso, Langtry, and Laredo stations show the decreased flow due to diversions.
Changes in streamflows throughout the Rio Grande Basin from Elephant Butte Dam to the Gulf are depicted in Figure 4, while a detailed
accounting of stream flows, return flows, and diversions is shown in
Figure 5.
23. Id.
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FIGURE 4
STREAMFLOWS AND DRAINAGE AREA OF THE RIO GRANDE
MAINSTEM FROM ELEPHANT BUTTE DAM TO THE GULF OF
MEXICO
(drawn from data in IBWC 1978)
3. Reservoirs
Because rainfall, streamflow, and runoff within the Rio Grande Basin
are unevenly distributed, storage projects are required to provide dependable quantities of surface water for municipal supply, irrigation, and
industrial use. The location, capacity, and average storage of the principal
reservoirs in the basin are listed in Table 2.
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r

Elephant Butte Dam
Caballo Dam

Ciudad Juarez
(46,693) Acequia Madre

El Paso
American Canal

-

(267,880)

Clint
Acala

1200

Fort Quitman

Candelaria

1000
(815,771)

Rio Conchos
Ojinaga

-

w-

Presidio
Almito Ck (17,056)

Terlingua Ck

(39,169)

Johnson Ranch

(Numbers in acre-ft/yr)

FIGURE 5
STREAMFLOWS AND RETURN FLOWS TO AND DIVERSIONS FROM
THE RIO GRANDE FROM ELEPHANT BUTTE DAM TO THE GULF OF
MEXICO
(data from IBWC 1978)

E. Ground Water
1. Basin Wide Aquifers
Ground water aquifers in the Rio Grande Basin consist of both valley
fill and bedrock. Valley fill includes sediments that have been deposited
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Foster Ranch
Pecos R. (256,664)
Devil's R. (261,334)
Amistad Dam
Del Rio
Maverick Canal (810,696)
Pinto Ck. (16,714)
Maverick Canal (527,605)
Maverick Canal (52,836)
Maverick Irrigation Distr.
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El Indio
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300
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Rio Alamo
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Rio San Juan
Lower Rio San
Juan Irrig. Distr

Diversions (9,440)
Rio Grande City
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Anzalduas Canal
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Anzalduas Dam
Hidalgo
McAllen
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Progresso
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San Benito
Diversions (111,251)
Brownsville
Diversions (2,379)
Gulf of Mexico

FIGURE 5 (continued)

along tributary streams and that have filled the Rio Grande Trough. These
aquifers generally are stream-connected and are recharged mainly from
surface flow. In the Rio Grande Trough the deposit is very thick and
provides a reliable aquifer from which large quantities of water may be
obtained. Legal restrictions on withdrawals recognize the interconnection
with surface flows and the effects upon surface rights. The bedrock aquifers generally yield only small to moderate amounts of water. Aquifers
in the Central Closed Basin may be grouped into two broad categories:
bolson deposits and bedrock. Bolson alluvium is the more reliable aquifer,
and water produced from this material probably exceeds that from all
other aquifers combined. Generally, in the closed basins where ground
water sources have been developed, the supply is being mined; i.e.,
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TABLE 2
RESERVOIRS IN THE RIO GRANDE BASIN
Average Storage
Reservoir

State

Capacity
(10' acre-ft)

(J0'acre-ft)

(%of M ax) tax)

Rio Grande
Continental
Santa Maria
Terrace
Mountain Home
Sanchez
Platoro
Costilla
Heron
El Vado
Abiquiu
Cochiti
Bluewater
Elephant Butte
Caballo
Storrie
Lake Sumner
McMillan
Avalon
Red Bluff
Lake Casa Blanca
Willacy
TOTAL UNITED STATES

Colorado
Colorado
Colorado
Colorado
Colorado
Colorado
Colorado
New Mexico
New Mexico
New Mexico
New Mexico
New Mexico
New Mexico
New Mexico
New Mexico
New Mexico
New Mexico
New Mexico
New Mexico
Texas
Texas
Texas

51.1
22.7
45.1
17.2
18.6
103.2
60.0
15.7
401.3
196.5
1,216.0
498.1
43.5
2,109.4
344.0
23.3
101.6
38.0
38.0
310.0
19.1
25.0
5,659.4

13.4
5.1
7.7
4.5
4.0
11.3
11.2
4.7
135.4
59.9
17.6
35.1
8.4
726.1
74.5
7.3
54.7
20.8
20.8
84.4
13.7
14.6
1,314.4

26.2
22.5
17.1
26.2
21.5
10.9
18.7
29.9
33.7
30.5
1.4
7.1
19.3
34.4
21.6
31.3
53.8
54.7
54.7
27.2
71.7
58.4
23.2

La Boquilla
La Colina
Rosetilla
Francisco I. Madera
Chihuahua
Luis L. Leon
Centenario
San Miguel
Venustiano Carranza
Laguna de Salinillas
La Boca
Matte R. Gomez
Culebron & Villa Cardenas
Palito Blanco
TOTAL MEXICO

Chihuahua

2,417.5
19.5
15.4
344.6
25.9
689.1
19.9
19.9
1,122.8
15.4
33.2
898.3
90.0
124.0
5,815.6

1,354.3
18.2
12.3
192.0
7.4
380.1
10.4
10.4
406.8
7.8
27.2
562.5
32.9
32.6
3,044.4

56.0
93.3
79.9
55.7
28.6
55.2
52.3
52.3
36.2
50.6
81.9
62.6
36.6
26.3
52.3

5,249.7
3,177.1

2,916.9
1,996.6

55.6
62.9

19,901.8

9,275.3

46.6

Internat'l Amistad
Intemat'l Falcon
TOTALS

Chihuahua
Chihuahua
Chihuahua
Chihuahua
Coahuila
Coahuila
Nuevo Leon
Tamaulipas
Tamaulipas
Tamaulipas
Tex-Coahuila
Tex-Nuevo Leon

Source: U.S. Department of State, International Boundary & Water Commission, Flow of the Rio
Grande and Related Data (Water Bulletin No. 48) (1978).
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withdrawals exceed recharge. Groundwater quality in the Rio Grande
Trough generally is of acceptable quality not exceeding 500 ppm dissolved
solids.24
Unconsolidated sand, gravel, limestone, and sandstone rocks form
important aquifers in the Pecos Basin. The alluvium aquifers are generally
stream-connected and are recharged by local precipitation and flood flows.
There is a large artesian basin near Roswell, New Mexico. The artesian
pressures have been declining, because withdrawals exceed recharge. The
decline of artesian head has caused saline water to encroach into freshwater portions of the aquifer. Generally, ground waters are of acceptable
25
quality, but some withdrawals exceed 1,000 ppm of dissolved solids.
Some ground water is available in the lower Rio Grande Valley alluvium. The limited supplies that are available are generally too saline for
municipal and industrial uses. Use of this marginal quality water for
irrigation has resulted in severe soil salinity problems. Use of ground
26
water in the lower valley, therefore, has been naturally restricted.
2. Aquifers in Texas
from the Texas
The descriptions below of Texas aquifers were taken
27
Water Development Board and Ralph M. Parsons Co.
Approximately 600,000 acre-feet (0.74 km 3) of ground water is available as an annual yield from the aquifers in the Rio Grande basin in
Texas, and about 65 million acre-feet (80 km 3) of usable quality water
can be recovered economically from storage in the aquifers. The major
aquifers of importance to the basin are the Cenozoic Alluvium and Bolson
(El Paso), the Cenozoic Alluvium and Bolson (Salt Basin), the Cenozoic
Alluvium (Pecos Valley), and the Edwards-Trinity (Plateau). The major
aquifers are shown in Figure 6. The minor aquifers of the basin are the
Bone Spring-Victorio Peak, and the Santa Rosa. Approximately 45,000
acre-feet (0.055 km 3) of water are available as an annual yield from
numerous smaller aquifers in the basin. These include the igneous rocks,
Marathon Limestone, Rustler Formation, Capitan Reef complex and associated limestone, Gulf Coast aquifer, and Carrizo-Wilcox aquifer. Also,
considerable water is contained in the river alluvium, but this water is
water and is considered in the availability
interconnected with the surface
28
of the surface-water supply.
24. Id.
25. Id.
26. Id.
27. TWDB, supra note 2, and Ralph M. Parsons Company, Preliminary Feasibility and Economics
of Desalting Brackish Waters in Candidate Areas of West Texas, prepared for TWDB and the U.S.
Department of the Interior, Office of Saline Waters, OSU Contract 14-01-0001-1459 (July 31, 1968).
28. TWDB, supra note 2.
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FIGURE 6

MAJOR AQUIFERS IN TEXAS
(Ralph M. Parsons Co. 1968)
a. Cenozoic Alluvium and Bolson (El Paso)
Ground water in the El Paso area occurs in the unconsolidated bolson
deposits of the Hueco and La Mesa bolson and in the river alluvium of
the Lower Mesilla and El Paso Valleys. The deposits consist of unconsolidated sand, gravel, clay and caliche, and range in thickness from a
few feet to more than 5,000 feet (1,500 m). Water in the aquifer generally
is under water-table conditions with the base of fresh water extending in
some areas to 1,400 feet (430 m) below land surface. Yields from largecapacity wells are generally from 1,000 to 1,500 gallons per minute (3.8
to 5.7 m3 per minute), with some reaching 3,000 (11.4).
Recharge to the Hueco and La Mesa bolson aquifers is estimated to
average 15,000 acre-feet (0.018 km 3) annually to each aquifer, or a total
of 30,000 acre-feet (0.037 km 3). Recharge to the river alluvium in the
Lower Mesilla Valley is principally by infiltration of surface water applied
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to the land surface for irrigation and has been estimated to be at least
36,000 acre-feet (0.044 km3 ) annually when surface water supplied for
irrigation is adequate and storage space is available in the alluvium.
Recharge to the alluvium in the Mesilla Valley has been estimated to
average 15,000 to 20,000 acre-feet (0.018 to 0.025 km3 ) annually.
In addition to the recharge, large quantities of fresh water are stored
in the aquifers. The theoretically recoverable fresh water from storage in
the Texas part of the Hueco and La Mesa bolson deposits has been
estimated to be about 8 million acre-feet (9.9 km 3). It is conservatively
estimated that of this volume only 50 percent or about 4 million acrefeet (4.9 km3) can be recovered because of the probability of saline water
encroachment into the fresh water part of the aquifers.
Ground water in the El Paso area ranges from fresh to very saline.
Where fresh ground water is available, it is underlain, overlain, or adjoined by slightly saline water, the water becoming increasingly mineralized with depth as well as laterally.
b. Cenozoic Alluvium and Bolson (Salt Basin)
The alluvial and bolson deposits of the Salt Basin extend from Dell
City in northeast Hudspeth County near the Texas-New Mexico border
southward to Presidio County. The deposits consist of unconsolidated
sand, gravel, clay, and caliche, with the thickness ranging from 0 at the
edge of the basin to as much as 1,600 feet (490 m). The large capacity
wells produced from this aquifer yield from 250 (0.95) to 2,500 gallons
per minute (9.5m 3 per minute).
The amount of water received by the aquifer each year through recharge
is not known. Based on the thickness of the fresh water bearing part of
the bolson that underlies the Wildhorse Draw and Lobo Flats Area in
Culberson County, there is estimated to be at least 400,000 acre-feet (0.49
km 3) of water available from storage. Most of this water is used for
irrigation and will be depleted before the year 2020.
c. Cenozoic Alluvium (Pecos Valley)
The alluvial deposits of the Pecos River Valley consist of unconsolidated to partly consolidated sand, silt, gravel, boulders, clay, gypsum,
and caliche. The thickness of the alluvium is from 100 to 300 feet (30
to 91 m) in most of the area; however, there are two troughs where the
thickness generally ranges from 600 to 1,500 feet (183 to 460 m). The
yields of large capacity wells range from 200 to 2,500 gallons per minute
(0.76 to 9.5 m3 per minute) with the average being about 1,000 gallons
per minute (0.38 m3 per minute).
There is estimated to be approximately 70,000 acre-feet (0.086 km3 )
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of water received as recharge each year, and the quantity is available on
a perennial basis. Most of this water is being discharged from the underlying Edwards-Trinity (Plateau) aquifer. In addition, there is estimated
to be 60 million acre-feet (74 km 3) of water which can be economically
recovered from storage.
d. Edwards-Trinity (Plateau)Aquifer
The Edwards-Trinity (Plateau) aquifer covers a large area of the Rio
Grande and Colorado River basins. The upper part of the aquifer is made
up of limestones, and the lower part of the aquifer is made of the sands.
The thickness of the aquifer ranges up to 1,000 feet (305 m), with the
sand thickness generally less than 100 feet (30 m). The water in the
aquifer generally occurs under water-table conditions in fractures in solution cavities in the limestone and in the underlying sands. The yields
of wells completed in the aquifer range from a few gallons per minute
to as much as 3,000 gallons per minute (11 m3 per minute).
There is estimated to be approximately 650,000 acre-feet (0.80 km3)
of water annually which could be intercepted and developed from the
aquifer. However, most of the available recharge water occurs in the areas
of little need. In addition to the water available annually from recharge,
approximately 12 million acre-feet (14.8 km 3) of water is available for
development from storage in the aquifer north of the Middle Concho
River. Any large scale development of ground water from the aquifer
would result in a reduction of the base flow of streams draining the plateau
and thus reducing the surface water supply.
e. Carrizo-Wilcox Aquifer
The Carrizo-Wilcox Aquifer, one of the most extensive aquifers in
Texas geographically, furnishes water to wells in a wide belt extending
from the Rio Grande northeastward into Arkansas and Louisiana. The
aquifer consists of hydrologically connected water-bearing sand, sandstone, and gravel of the Wilcox Group and overlying Carrizo Formation.
The Carrizo-Wilcox Aquifer is exposed at the surface along the northern and western edge of its extent, where it is recharged by precipitation
and streams crossing the outcrop area. The water-bearing beds dip beneath
the land surface toward the Gulf. The net thickness of the aquifer ranges
from a few feet in the outcrop to more than 3000 feet (914 m) in areas
downdip.
Ground water in the aquifer is generally under artesian head downdip
from the outcrop, and flowing wells are common in areas of low elevation.
However, in heavily pumped irrigation areas, water levels have declined
and pumping costs have correspondingly increased significantly.
Yields of wells vary widely, but yields of more than 1,000 gallons per
minute (3.8 m 3 per minute) from large-capacity wells are common, and
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some wells yield as much as 3,000 gallons per minute (11.4 m3 per
minute). Usable quality water occurs at greater depths, up to about 5,300
feet (1,600 m), than in any other aquifer in the state. 29

f. Gulf Coast Aquifer
The Gulf Coast Aquifer covers most of the Coastal Plain from the
Lower Rio Grande Valley northeastward into Louisiana, extending about
100 miles (160 km) inland from the Gulf. The aquifer consists of alternating clay, silt, sand, and gravel beds which collectively form a regional,
hydrologically connected unit.
Fresh water occurs in the aquifer to depths of more than 3,000 feet
(915 m), and tremendous quantities of water are pumped for municipal,
industrial, and irrigation use. The aquifer is recharged by precipitation
on the surface and seepage from streams crossing the outcrop area. The
rate of natural recharge is estimated to be sufficient to sustain the present
level of pumpage from the aquifer.30
III. WATER USAGE
A. PopulationProjections
Water usage in the drainage basin is dependent on the amount required
by municipal, industrial, and agricultural users. Although agriculture is
the largest user of water, at least. in the Texas portion of the basin, certain
water supply problems are developing due to increases in populations in
metropolitan areas and to industrial expansion.
The population of the Rio Grande Basin in Texas, which in 1960 was
542,836, was projected to increase to more than 1,562,700 by the year
2020 (TWDB 1966). Of this, over 1,337,900 (85 percent) was projected
to be in cities and towns with populations greater than 5,000. El Paso,
at the far western edge of Texas, ranked first in the basin in population,
having well over 275,000 in 1960 and 317,462 in 1970 (more than half
the basin population). Other major cities include Fort Stockton, Pecos,
Kermit, and Monahans in the central part of the basin, and Del Rio,
Eagle Pass, Laredo, and Rio Grande City in the lower part. Many of
these were expected to double in the following 30 years, and increase
threefold to fourfold by 2020, with El Paso, because of its large size,
accounting for most of the basin's total increase.
B. Present and Future Water Usage
Two agencies have prepared information relating to present and future
water usage estimates; they are the U.S. Water Resources Council and
29. PLAN, supra note 12.
30. Id.
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the Texas Department of Water Resources. The U.S. Water Resources
Council (1978) data are presented first, followed by those of the Texas
Department of Water Resources. There are substantial differences between
the two estimates, especially in the area of agricultural water usage; the
reasons for the discrepancy are not readily apparent.
1. Estimates of U.S. Water Resources Council
Average withdrawals of water within the Rio Grande Basin from both
ground and surface sources totaled 6,321 mgd (7,092,000 acre-feet per
year) (8.75 km3 per year) in 1975 base conditions according to National
Future (NF) estimates (see Table 3). By far the biggest user was irrigation
with 90 percent of the total. Domestic use constituted about 4 percent of
the total withdrawal; the other functional demands-manufacturing minerals, livestock, steam electric, public lands, and other-made up the
remainder of the withdrawals. 3'
It is anticipated that total withdrawals will decrease 11 percent by the
year 2000, due primarily to a 14 percent decrease in irrigation use which
will be 87 percent of the total watei use in 2000. Domestic use is anticipated to command 6 percent of total withdrawals, while all other uses
will increase relatively at the expense of irrigation (see Table 3).32
It should be noted that State-Regional Future (SRF) estimates anticipate
an increase in surface water withdrawal but a decrease in groundwater
withdrawals. Primary differences are in the 1975 and forecasted agricultural, domestic, and mineral industry water uses.
Average consumptive use of water within the region under 1975 conditions was 4,757,000 acre-feet per year (5.87 km3 per year); sixty-seven
percent of withdrawals was consumed. The dominant consumption was
by irrigation, which accounted for 92 percent of all water consumed,
followed by minerals (two percent), domestic users (three percent), and
manufacturing, livestock, steam electric, public lands, and other uses
33
individually (less than one percent).
It is anticipated that consumptive use will decrease to 4,506,000 acrefeet (5.56 km 3) by 2000 as groundwater mining declines. The projected
increase in the consumption of the amount of water withdrawn will increase from 67% in 1975 to 71% in 2020. Consistent with the withdrawals,
a shift in consumption from irrigation to other uses is anticipated. Irrigation consumption is expected to decrease 8 percent and will account
for 89 percent of the total in 2000. Domestic and mineral consumption
will each represent 4 percent of the total, with manufacturing, livestock,
steam electric, and other uses all showing relative increases.
The most substantial increases in manufacturing will occur from Del
31. U.S. WATER RESOURCES COUNCIL, supra note 7.
32. Id.
33. Id.

October 1982]

ANTICIPATING TRANSBOUNDARY WATER NEEDS

TABLE 3
POPULATION AND WATER USAGE SUMMARY IN THE RIO GRANDE
REGION
2000

1985

1975
Category

NF

SRF

NF

SRF

NF

SRF

POPULATION DATA
(1000's)

1,695

1,868

1,780

2,678

1,875

3,630

5,391

NE

5,391

NE

5,391

NE

475

NE

792

WATER USAGE
(1000's acre-feet/year)
Total streamflow
Streamflow at outflow point(s)

1,378

1,376

Freshwater withdrawals
Agriculture
Steam electric
Manufacturing
Domestic
Commercial
Minerals
Public lands
Fish hatcheries
Other
TOTAL

6,409
38
21
297
69
213
25
8
0
7,080

6,206
27
27
386
a
49
12
NE
48
6,755

6,202
18
47
321
73
248
30
10
0
6,628

6,720
34
35
634
a
96
16
NE
76
7,611

5,508
11
36
349
76
286
31
12
0
6,309

6,776
85
47
897
a
149
16
NE
93
8,063

Freshwater consumption
Agriculture
Steam electric
Manufacturing
Domestic
Commercial
Minerals
Public lands
Fish hatcheries
Other
TOTAL

4,395
20
6
154
34
115
25
0
0
4,749

3,998
20
11
218
a
27
13
NE
39
4,326

4,435
10
17
168
35
144
30
0
0
4,839

4,357
26
14
394
a
58
18
NE
67
4,934

4,048
6
27
182
36
168
31
0
0
4,498

4,882
69
22
566
a
96
18
NE
81

Groundwater withdrawals

2,616

1,929

NE

1,816

NE

1,723

818

679

836

698

879

690

2,562

NE

2,562

NE

2,562

Evaporation
Instream approximation
Fish and wildlife

NE-Not estimated
'SRF domestic water use includes commercial and institutional requirements.
Source: AFTER USWRC 1978.

5,734
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TABLE 4
ESTIMATED WATER USAGE IN THE RIO GRANDE BASIN IN 197412

Use Category

Usage
(10' acre-feet/
year

Percent
of Total
%

Municipal
Manufacturing
Steam-Electric
Irrigation
Mining
Livestock

145.2
15.3
9.8
1,132.7
20.5
16.8

10.8
1.1
0.7
84.5
1.5
1.2

Percent From
Ground
Surface
%
%
28.9
5.2
20.9
38.7
1.5
2.3

71.1
94.8
79.6
61.3
98.5
97.7

'After Texas Water Development Board (1977).
2
Without Lower Rio Grande Valley water use.

Rio south, where consumption will increase from less than 1120 acrefeet per year (0.0014 km 3 per year) in 1975 to 19,040 acre-feet per year
(0.023 km 3 per year) in 2000. There will be a dramatic increase in mineral
consumption in both west Texas and New Mexico from 23,520 acre-feet
per year (0.029 km 3 per3 year) in 1975 to 87,360 acre-feet per year (0. 108
km 3 per year) in 2000. 1
An element of total consumptive use within the region not included in
the percentages above is the loss by evaporation. There are 7,775,400
acre-feet (9.59 km 3 ) of reservoir storage available in large reservoirs
within the region as derived from NF estimates. Existing surface storage
is rarely filled, and a significant increase in reservoir conservation storage
is not projected. Since evaporation is related to the reservoir surface areas
exposed in any year, the evaporation rate is expected to be about the
same in 2000 as in 1975. 35 Another element of consumptive use not
specifically accounted for in these studies is the evapotranspiration by
phreatophyte vegetation and closed basin sump areas.
2. Estimates by Texas Department of Water Resources
The Texas Department of Water Resources prepared summaries of water
usage for 1974 and projections of the year 2000 in its update of the Texas
Water Plan.36 This update provided the water usage figures given in Table
4 which shows that 1974 water usage in the Rio Grande basin (excluding
usage in the Lower Rio Grande Valley) totalled 1,340,300 acre-feet (1.65
km 3) or several times less than estimated by the USWRC (1978) for 1975.
The major water user was irrigation agriculture at 84.5 percent followed
34. Id.
35. Id.
36. TEXAS WATER DEVELOPMENT BOARD, Continuous Water Resources Planning and
Development for Texas, Vol. 2 (1977).
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TABLE 5
CURRENT AND PROJECTED WATER REQUIREMENTS IN THE

RIO GRANDE BASIN FOR THE YEAR 20001.2

Use Category

Usage
(10 acre-feeti
year)

Percent
of Total
%

Municipal
Manufacturing
Steam-Electric
Irrigation
Mining
Livestock

297.4
27.4
23.0
801.5
29.4
19.7

27.2
2.3
1.9
66.9
2.4
1.6

PercentFrom
Surface
Ground
%
%
27.2
21.5
27.8
58.3
1.7
2.5

72.8
78.5
72.2
41.7
98.3
97.5

'After Texas Water Development Board (1977)
'Without Lower Rio Grande Valley water use.

by municipal use at 10.8 percent. Other users accounted for less than 2
percent each.
Of the water used in 1974, most was ground water. Over 60 percent
of the total water used in 1974 by each water use category was ground
water. Irrigation agriculture, for example, took 61.3 percent of its water
from groundwater sources and 38.7 percent from surface water, while
municipal users acquired 71.1 percent from ground water and 28.9 percent
from surface water.
Projections of water use in 2000 are given in Table 5 and show considerable increases in all water use categories except irrigation. Without
the Lower Rio Grande Valley, total water use is expected to decrease from
1,340,000 acre-feet per year (1.65 km 3 per year) in 1974 to 1,198,400
acre-feet per year (1.48 km 3 per year) in 2000, a 10 percent decrease.
Irrigation agriculture is expected to decrease substantially (from 84.5
percent of total usage in 1974 to 66.9 percent in 2000), and its dependence
on ground water as a source is also expected to decrease (from 61.3
percent in 1974 to 41.7 percent in 2000). Other users like the municipal,
manufacturing, and steam-electric categories are likewise anticipated to
use more surface water proportionately in 2000 than in 1974, even though
total water use increases.
Even though these projected water use values are lower than the U.S.
Water Resources Council values, the predictions of problem areas due to
water shortages are similar.
B. Water Problems Identified
The U.S. Water Resources Council in 1978 identified several problems
37
related to water quantity in the Texas portion of the Rio Grande basin.
37. U.S. Water Resources Council, supra note 7.
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These coincide for the most part with those cited in the Texas Water
Development Board's 1968 Texas Water Plan and the 1977 update by the
same agency and are given below.38
1. Water Supply in El Paso-JuarezArea
There are four major sources of fresh water in El Paso County; three
are ground water sources and have been described earlier and the fourth
is the Rio Grande, with water being provided for irrigation and a small
quantity of public supply by the Water and Power Resources Service's
Rio Grande Project of New Mexico and Texas from storage in Elephant
Butte Reservoir in New Mexico.
The city of El Paso is the largest user of ground water in the county,
primarily from the Hueco Bolson deposits. Other municipal and industrial
users of ground water in El Paso County include Fort Bliss, an electric
utility, a natural gas company, two oil refineries, a copper refinery, several
golf courses, and a dairy. The city of Juarez just across the Rio Grande
from El Paso in Chihuahua, Mexico, is the second largest user of ground
water for municipal and industrial purposes in the El Paso area. Their
source of ground water is also the Hueco Bolson deposits. Total groundwater pumpage for municipal and industrial supplies in El Paso County
amounted to about 101,074 acre-feet (0.12 km3 ) in 1974. About 80 percent
of this amount was pumped by municipalities, primarily the city of El
Paso, and the rest by various industries. In 1974, Juarez pumped about
37,133 acre-feet (0.046 km3) of ground water for municipal and industrial
use.
The major use of surface water in El Paso County is for irrigation of
55,000 to 58,000 acres (22,260 to 23,470 ha) in El Paso and the valleys
in the El Paso County Water Improvement District No. 1. During periods
when surface water deliveries from Elephant Butte Reservoir to these
valleys are low, ground water from the Rio Grande alluvium is used as
a supplementary water supply.
Ground water from the Hueco Bolson deposits is being mined in El
Paso County and the Juarez area. It has been estimated, through the use
of an aquifer model, that in 1903, about 11.45 million acre-feet (14.1
km3) of fresh ground water was in storage in the Hueco Bolson deposits
in El Paso County. In 1973, the amount in storage had been reduced to
10.64 million acre-feet (13.1 km 3), and one application of the model
indicated that by 1990 storage will be decreased to about 9.84 million
acre-feet (12.1 km 3). Depletions in storage are causing saline water encroachment from aquifers and degradation of groundwater quality. The
amounts of fresh to slightly saline water that can be removed under "safe
yield" conditions have not as yet been determined. Induced recharge or
38. PLAN, supra note 12 and TEXAS WATER DEVELOPMENT BOARD, supra note 36.
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leakage from the alluvium is slowly degrading the quality of ground water
pumped from the Bolson deposits. Water quality degradation will also
occur due to lateral and vertical encroachment of saline water from adjacent saline water sands in the Bolson deposits as the fresh to slightly
saline water in storage is depleted.
The El Paso area has surface-water supply and quality degradation
problems also. In the last 20 to 30 years, Elephant Butte Reservoir has
been able to deliver about 65 percent of the water originally planned for
the Rio Grande Project. At the El Paso gaging station, the rate of annual
depletion in discharge of the river averaged about 16,400 acre-feet (0.02
km 3) over a 65-year period (1907-1972). These types of water shortages
coupled with agricultural, municipal, and industrial return flows have
caused and will continue to cause water quality degradation in the area.
2. Water Supply in the Lower Rio Grande Valley
The lower Rio Grande Valley of Texas, which includes Starr, Willacy,
Hidalgo and Cameron Counties has the capacity for significant economic
growth and improvement in the quality of life of its residents. Although
the economy is heavily agriculturally oriented, other economic sectors
have gained significantly in recent years, most notably textiles, food
processing and packaging, petroleum refining, and petrochemical production, all of which are intensive water-using sectors of the economy.
Water supplies available to the Lower Rio Grande Valley include a small
quantity of ground water in the Rio Grande alluvium and the flow of the
Rio Grande, most of which are available from storage in International
Amistad and Falcon reservoirs. Ground water in the Rio Grande alluvium
is generally too saline for municipal and most industrial uses, and the
limited supplies which are available are principally for irrigation. Widespread use of this marginal-quality water has resulted in severe and widespread agricultural soil salinity problems, and overapplication of irrigation
water has resulted in local drainage problems.
Currently, municipal and industrial water use in the four-county area
approximates 72,809 acre-feet per year (0.090 km3 per year), with existing
steam electric power plants consuming an additional 5,000 acre-feet of
water (0.006 km3) annually. Currently, over 7,000 operating units, served
by 33 active irrigation districts as well as individual and cooperative
irrigation systems, use approximately 1,000,000 acre-feet (1.2 km3) annually to irrigate more than 800,000 acres (324,000 ha) of land in the
Rio Grande Valley. More than 500,000 acres (202,000 ha) of additional
potentially highly productive irrigable lands exist in the valley which
could be put into production if water were available.
Although operation of the Falcon and Amistad Reservoirs has significantly enhanced the valley's water supply, channel losses and evapotranspiration losses significantly deplete facilities in the lower valley.
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Saline ground water and irrigation return flows degrade the quality of
river flows below Falcon Reservoir. Recent completion of the Morrillo
Drain project in Mexico has partially alleviated adverse impacts of irrigation return flows from Mexico on river flows; however, inferior water
quality remains a critical problem in the valley.
By the year 2000, municipal and industrial water requirements in the
four-county area will reach approximately 132,500 acre-feet (0.16 km3 )
annually, while consumptive use for steam electric power plant cooling
is expected to increase to at least 11,800 acre-feet (0.014 km3 ) annually.
Operation studies of the Rio Grande reservoir system for the 70-year
period from 1900 to 1970 indicate that water shortages for the 750,000
acres (303,500 ha) of land allotted irrigation water rights by the court
order arising from the Lower Rio Grande Valley Water Case would occur
70 percent of the time, with the average annual shortage approximately
253,000 acre-feet (0.31 km3). Thus, maintaining the current level of
irrigated agricultural acreage in the valley, as well as providing vitallyneeded supplies for additional prime irrigable lands, requires supplemental supplies over and above Rio Grande supplies which are fixed by
International Treaty and court adjudicated decree.
3. Pecos Valley
Irrigated lands in the Trans-Pecos region of Texas are centered largely
along the Pecos River in Reeves, Pecos, Loving, and Ward Counties. A
saline supply of surface water from the Red Bluff Reservoir on the Pecos
River is used in small quantities but ground water is the principal source
of irrigation water supply in the region. This supply of ground water is
declining as pumpage exceeds natural recharge to the aquifers. The ground
water pumped for irrigation is also becoming more saline as the result
of natural saline water encroachment in the aquifer, and possibly as a
result of the recycling of water applied for irrigation. In fact, a number
of areas along the Pecos River in Reeves County are no longer cultivated
because of poor quality and inadequate amounts of water in most years.
The ground water used in Reeves County is high in soluble salts; however,
heavy water applications, salt-tolerant crops such as cotton, and the moderate permeability of the soils permit the use of this water for irrigation.
Deterioration of water quality of the Pecos River, largely from natural
brine emissions in New Mexico, has virtually precluded its use for irrigation purposes despite operation of the Malaga Bend Division of the
McMillan Delta Project.
Additional problems in the area have resulted from the increased cost
of energy used to pump irrigation water. The large increase in price
coupled with large pumping lifts and a requirement of up to 44 inches
(1118 mm) of water which must be applied just to leach the salts from
the land have made it impossible for many farmers in the area to produce
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at a profitable level. Major adjustments in the agricultural economy of
the area could include a change from irrigated crop production to livestock
production. Such adjustments would have serious regional as well as
State impacts by adversely affecting the economic base, employment,
population, earnings, etc.
IV. LEGAL CONSIDERATIONS
Two treaties between the United States and Mexico provide for the
division of international waters of the Rio Grande. The Rio Grande Compact between Colorado, New Mexico, and Texas and the Pecos River
Compact between New Mexico and Texas provide for the division of
interstate waters. 9
On May 21, 1906, the United States of America and the United States
of Mexico entered into a Treaty providing for the equitable distribution
of the waters of the Rio Grande for irrigation purposes. This Treaty was
ratified by the United States in 1906 and by the United States of Mexico
in 1907. Pursuant to the Treaty, the United States agreed to deliver to
Mexico a total of 60,000 acre-feet (0.074 km3) of water annually at the
point in the Rio Grande streambed where the headworks of the Old
Mexican Canal exist above the City of Juarez, Mexico, and according to
a schedule set out in the Treaty. In consideration of such delivery, the
United States of Mexico waived any and all claims to the Rio Grande
between the head of the Mexican Canal and Fort Quitman, Texas.40
Deliveries are made according to an agreed upon schedule without cost
to Mexico, and water is stored in Elephant Butte Basin for this purpose. 41
When shortages exist, deliveries are in proportion to amounts available.
A second Treaty between the United States of America and the United
States of Mexico was signed on February 3, 1944, and ratified by both
nations in 1945. The purpose of the Treaty was to fix and to limit the
rights of the two countries with respect to the waters of the Colorado and
Tijuana Rivers and of the Rio Grande from Fort Quitman, Texas, to the
Gulf of Mexico, in order to obtain the most complete and satisfactory
utilization thereof. The International Boundary Commission was designated as the agency to administer the Treaty.
In the Treaty, the countries agreed that when the joint use of international waters was required, the following order would serve as a guide
for use priority: (1) domestic and municipal uses, (2) agriculture and
livestock raising, (3) electric power, (4) other industrial uses, (5) navigation, (6) fishing and hunting, and (7) any other beneficial uses which
may be determined by the Commission.
39. MENDIETA, supra note 2.
40. PLAN, supra note 12.
41. A. UTTON, SELECTED RESOURCES ISSUES IN THE BORDER REGION (1981).
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Pursuant to the Treaty and to delivery schedules found therein, the
waters of the Rio Grande between Fort Quitman, Texas, and the Gulf of
Mexico were allocated in part to Mexico and in part to the United States.
Mexico became entitled to all waters reaching the main channel of the
Rio Grande from the San Juan and Alamo Rivers including the return
flow from the lands irrigated by the latter two rivers. In addition, Mexico
received one-half of the flow of the main channel of the Rio Grande
below the lowest major international storage dam; two-thirds of the flow
reaching the main channel of the Rio Grande from the Conchos, San
Diego, San Rodrigo, Escondido, and Salado Rivers, and the Las Vacas
Arroyo; and one-half of all other flows not otherwise allotted occurring
in the main channel of the Rio Grande between Fort Quitman and the
lowest major international storage dam. In return the United States received all the waters reaching the main channel of the Rio Grande from
the Pecos and Devils Rivers, Goodenough Springs, and Alamito, Terlingua, San Felipe, and Pinto Creeks. In addition the United States received,
subject to certain contingencies, one-half of the flow in the main channel
of the Rio Grande below the lowest major international storage dam, onethird of the flow reaching the main channel of the Rio Grande from the
Conchos, San Diego, San Rodrigo, Escondido, and Salado Rivers and
the Las Vacas Arroyo, and one-half of all other flows not otherwise allotted
occurring in the main channel of the Rio Grande between Fort Quitman
and the lowest major international storage dam.42
In the Treaty, provisions were made for the construction of several
dams for the purposes of conservation, storage, regulation of annual flow,
and for diversion of flow, and provision was also made for ownership of
water and storage. Drainage from Mexico amounts to 70% of the water
flowing to the Rio Grande while that for the U.S. (Texas) is 30%. Thus,
although the larger portion of the water of the Rio Grande below Fort
Quitman comes from Mexican tributaries, the United States receives about
one-half of all the water of the river.43
The Rio Grande Compact, approved by the legislatures of Colorado,
New Mexico, and Texas in 1939, allocates the uncommitted waters of
the Rio Grande above Fort Quitman. Water-delivery schedules are provided from Colorado to New Mexico, from New Mexico to Texas, and
to the various irrigation projects. 44
The waters from the drainage area of the Pecos River were allocated
by the Pecos River Compact approved in 1949 by Texas and New Mexico.
The Compact also provides for cooperative programs for the salvage of
water used by phreatophytes and for alleviation of the excessive salinity
of the Pecos River.45
42.
43.
44.
45.

PLAN, supra note 12.
UTTON, supra note 41.
MENDIETA, supra note 2.
Id.
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ANTICIPATING TRANSBOUNDARY WATER NEEDS

V. TRANSBOUNDARY RESOURCE NEEDS AND ISSUES
Through consideration of water resources and needs in that portion of
the Rio Grande Basin lying between Texas and Mexico, the following
needs and issues have surfaced:
a. Given the need for accurate flow information to meet treaty and
compact requirements, flow measurements are made on the main
stem of the Rio Grande and contributing streams. Questions have
been raised about the accuracy and completeness of these records,
and there is a need to insure that all appropriate flows are measured
and that accurate measurements are taken.
b. The International Boundary and Water Commission has gathered
substantial amounts of hydrologic and water quality data, yet there
appears to be little analysis of these data, e.g. long-term precipitation and evaporation maps, flow duration and frequency graphs,
flood frequencies, water budgets, water quality problem identification and analyses, etc. For planning purposes, such analyses
would be extremely useful and should be conducted routinely.
Further, water usage data should be gathered more aggressively
in the United States and Mexico to provide an adequate data base
for water resources management.
c. U.S. Water Resources Council's study of the Rio Grande Basin
pointed out the need for basin-wide planning. Because this basin
crosses state lines in the U.S. and forms an international border,
there is a tendency to view basin needs from a state's or country's
perspective rather than from basin perspective. Continued emphasis should be placed on the basin-wide planning approach.
d. The specific water shortages presently occurring or forecasted to
occur will require continued attention from state, federal, and
international institutions. The competing demands for ground water
in the El Paso-Juarez area will probably require international
agreements eventually. The same may occur in the BrownsvilleMatamoros area in the distant future.
NECESIDADES Y PROBLEMAS DE AGUA EN LA REGION
El Rio Grande se forma de una cadena de cuencas estructurales que drenan en aciferos
del subsuelo. Se recargan estos acufferos principalmente de flujos superficiales, de
modo que el retiro afecta directamente el flujo superficial, y por lo tanto, los derechos
de superficie. Actualmente, el flujo desigual de la corriente hace necesario el uso de
tanques de almacenaje y de agua del subsuelo, los cuales se estAn agotando ripidamente. Estados Unidos y Mdxico deben prever con exactitud los exigencias y los
posibles conflictos para satisfacer las futuras necesidades de agua.
Aguas superficiales en la cuenca del Rio Grande
El escurrimiento anual en Tejas varfa segiin los deshielos y las lluvias. Los flujos abundantes a
menudo traen grandes cargas de sedimento a los rios, as[ creando cauces inestables de corriente.
El actual flujo estimado en El Paso es de 385,000 acres-pies por aflo, el cual se duplica al Ilegar
a Del Rio. Esta distribuci6n desigual de precipitaci6n pluvial, corriente del rio, de escummiento,
exige el uso de dep6sitos de almacenaje y de acufferos a lo largo de las cuencas.
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El agua del subsuelo en la cuenca del Rio Grande
Los acufferos del subsuelo se conectan a trav6s de corrientes subterrineas. Consisten en dep6sitos
rocosos y de sedimentaci6n. Estos acuiferos se recargan principalmente del flujo superficial, de
modo que el retiro afecta directamente el flujo superficial, y por tanto, los derechos de superficie.
Ahora se estln explotando estas fuentes de agua del subsuelo. Los acufferos rocosos rinden
cantidades de agua desde pequefias hasta moderadas. Los acuiferos aluviales del Bols6n, por otra
parte, producen la cantidad mayor de agua.
El intenso bombeo de agua para riego por toda la cuenca ha disminuido el nivel del agua. Por
ejemplo, el desarrollo en gran escala de las aguas subterrfneas del acuffero Edwards-Trinity-Plateau
ha disminuido el suministro de aguas superficiales.
Varia la calidad del agua subterrdnea. El agua de la Acequia del Rio Grande se considera generalmente de calidad aceptable. En el Valle Bajo del Rio Grande y en El Paso, la salinidad del agua
ha planteado problemas respecto a los usos industriales, municipales, y de riego.
Usos del agua
La agricultura es la actividad que utiliza mds agua, pero los problemas de suministro de agua se
han incrementado debido a los aumentos en las poblaciones urbanas y a la expansi6n industrial. Se
ha predicho que la poblaci6n de la Cuenca del Rio Grande en Tejas se triplicard para el afio 2000.
Las extracciones de agua del subsuelo probablemente se reducirdn para el afio 2000 debido a una
gran disminuci6n de riegos. Los retiros de agua superficial se aumentardn, por otra parte, debido a
los aumentos de necesidades de la industria.
Problemas de agua
La ciudad de El Paso, consumidora mds grande de las aguas del subsuelo del Rio Grande, riega
principalmente con el agua superficial de la Presa Elephant Butte. Utiliza agua subterrtnea del
dep6sito del Bols6n.
En el Valle Bajo del Rio Grande es muy necesaria el agua para las industrias que la usan
intensivamente, y para el riego de terrenos productivos. Las p6rdidas en los canales y evapotranspiraci6n han agotado los dep6sitos existentes de agua.
El agua salina del subsuelo y el reflujo del riego han dafiado la calidad de los escurrimientos rfo
abajo de la Presa Falc6n. Esta Area requiere suministros suplementarios de agua, y que los tratados
y las sentencias de los tribunales han fijado las cantidades del Rio Grande.
El el Area del Valle del Pecos, donde el subsuelo es la principal fuente de agua para el niego, no
se cultivan ya algunas Areas debido a problemas de salinidad y de cantidad. Los cultivos tolerantes
a la sal, tal como el algod6n, permiten algo del uso del agua. Las emisiones salubres han deteriorado
por completo el nivel de calidad del agua del Rio Pecos.
Recursos y necesidades transfronterizos
Para cumplir los requerimientos de los convenios del Rio Grande y del Rio Pecos, y de los tratados
entre Estados Unidos y Mdxico, necesitamos medidas exactas. Es necesario auxiliar a los dos parses
en la administraci6n de estos recursos. Con exigencias competitivas para las aguas del subsuelo,
necesitaremos mds acuerdos intemacionales para planificar el abastecimiento a lo large de toda la
cuenca.

